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Question (1) (25 marks) 

7a))What do you mean by Calibration of the Universal Hydraulic Testing 

r Machine; how can carry it? (5 marks ) ^ Ul )js \B (S~A) 

/b) Define elastic zone, yield zone, and elastic plastic zone in axin =s= =~' 
tension. (5 marks) 

A Define the steel grade and the design Stress of ductile & Semi-Ductile 
& Brittle Materials. (5 marks) 

d) Using sketches differentiate between linear and non-linear behavior 
of metal. (5 marks) 

e) With the aid of drawing define proof stress using(offset)and extension 
methods. (5 marks) 

Q uestion ( 2 ) (25 marks) 


a- Plot the stress-strain curve in tension and compression for ductile 
and brittle materials. Draw the expected shape of failure. (5 marks) 
b- The precautions during carrying out compression test. (5 marks) 
c- Prove that the slope of the failure’s plane in compression is 
9 == 45 + d)/2 . (5 marks) 


d) Find the minimum cross sectional area of a steel 
member made of grade (2§/ ( 4$, subjected to static 
tension force of 5.6 ton, knowing that the member is 
4.0 meter long-and that the allowable elongation of 
the member is not to exceed 3.0 mm and that the 
modulus of elasticity of the steel is 2000 t/cm 2 ; 
consider a suitable factor of safety . (10 marks) 
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d) Fig I shows the metallic bar subjected to torsion moments at points h. 11 the twist angle at point c 
equals to 2.0 ° and modulus of rigidity (G) 80 r *.0 l/cm 2 , find the bar diameter, the maximum shear 

stress and twist angles at points a & b. 
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hg 2 shows the metallic bar subjected to torsion nn •:tents at points C <& B. If the twist angle at point A equals 
to 3.90 ° and modulus of rigidity (G) -= 800.0 t/cm'. find the bar diameter, the maximum shear stress and twist 
angles at points A,B.C and K. 
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c) Calculate the allowable applied load (P) and the fineness ol plate (l) lor the follow mg connection shown in 
Pig. I. 

2 !'■ tales 2 A 0 * 0 .5 i. 


P I a i e 2 4_0 M 


^£V-" 


P I a ic 2 4 0 * i 

- V- - . .- P 


( k N ) P 


:—- P ( k N ) 


D ia m c ter’ o f b‘ o It 2 0 m m 
q v » 2 0 0 M ; pa F , O . S = 2 . 0 


f. 


3 6 0 M p a F . O . S - 1.5 
A II dim on .ions i n m in 


itJ^ (fj 


ffl BeU 


%Ui 


P U 


2xU£2? 

4 


. AW^ 


2 



— 3fo55\ /V 


/17 


pay 


? f«3 I 

J£_ 




-i> 



F5 



























,b) Define the ductility, elastic and plastic strain and also explain the cold bending test, 
c) A steel beam with rectangular cross section (depth 2 width) and span oi 6.0 m is subjected to a 
concentrated load at the mid span. Determine the clastic maximum load (Pb cross sec tion, 
maximum stress and deflection at mid the mid span section (section at 3.0 m from support), if 


the deflec tio n and maximum strain at Quarter span ( section at i .5 m from s up port) eq ua ls to 15.0 nun 
and 0.0008, respectively . Modulus of elasticity of material is 2000 t/cm 2 . 
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>. The stress strain curves of five metals are given in Fig.]. The cross sections of the metals after 
failure unciei tension loads are also presented. It is required to: 

1 - Assign each failure shape for corresponding curve. Explain your answer very clearly. 
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A steel cantilever with solid circular cross section (diameter - 4 cm & length 2.0 m) « 
subjected to a torsiSnal moment M { at its free end. The modulus of 

2040 t/cm 2 and Poisson's ratio is 0.275 . The maximum allowable shear stress is 120C^ k^cm 
and the maximum allowable angle of twist 0 is 3.0" within « length L - 1.0 m. Calculate the 
maximum allowable torsional moment M, acting at the free end ofthe^antdever. ^ ^ ^ 
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d) Determine the elastic maximum load (P), stress and strain distribution at 
section 1-1 for steel cantilever beam with 3.0 m span, if the steel beam is 
subjected to a concentrated load at the free end of cantilever beam, the 
maximum allowable deflection = 2.4 mm and the stress strain relationship in 
tension and compression of the beam’s material is as follows.. 
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d. A steel beam of span 30 cm and cross section 
dimensions 2x3 cm, and is subjected to a lateral 
force F = 1.35 tons and a normal force P - 12 tons 
as shown in Fig. 2. Find the location of the neutral 
axis at the section A. Check the safety of the beam 
if the used steel is of grade 60. 
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c, A tension test is carried out on a metallic rod that has a length of 50 cm and a square cross section 

_ 2x2 cm. The gage length is 20 cm. The following resu lts are r ecorded.___ 

Load P, tons 0 [ 2 .0 TTcT ^ 6 :° 8 -° 9 0 10 _U_ 9 _ 

Elongation A, mm / 1 .0 ) 1.21 1.42 1.63 _5.0^ 8.00 12.25 15.00 17.50 21.00 

I - Draw the P-A curve showing the main data on the graph. 

2- Calculate: • Elastic modulus' . ' Yield stress ', ' Ultimate tensile strength ', 'Modulus of R esil i en ee 1 .. 

3- If the load is removed at load P = 9 tons calculate the elastic and plastic elongation. 
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test ion No. 2: 


, a. Deduce relation between moment (M), radius of an vahire (U) and stress (I) for isotropic materia! 
> ...... .• . M - jL - ; 


i\ subjected to bending moment. . 

(aIIviI , >0 C-U4T (f) AvO/lj (U) (M) A “ j/I f-* ^' 

I), a wooden beam having cross section of ISO nun (width) x 500 mm (depth) is strengthened with 
two steel plates each with ciwts section 15 x 500 mm yielding the composite section shown in 
Fig.3(a). Tltc beam is with span 4.0 m and is subjected to a concentrated load (P) at mid span. 
The stress strain curves of materials of the beam (wood and steel) are given m Hg..nb). 
Determine : 1- Elastic load (P c ). 2- Ultimate bending moment and maximum ultimate load (I «)■ 
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c ' meta ^' c members subjected to axial compression, prove that the slope of 
failure s planc_G_~ 45 + <j>/2 where $ is the angle of internal friction of the material. 

($^2 + 45 “ G ^ ijjj*** o' 

d. A steel bar oflcngth 60 cm’and,cross section dimensions 4x4 cm has been 
placed to fit exactly inside a hollow copper bar of the same length, with 
outer dimensions 6x6 cm and inner dimensions 4x4 cm as shown in Fig, 

T be modulus of elasticity for the steel (Es) and copper (Ec) ore 2000 and 
1000 i/cm , respectively. rhe composite member is subjected to a 

compression force 30 cons. Find the stresses in steel and copper and the ^ 
deformation of Die steel-copper assembly. ;ipcr 
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a. Deduce (cisi-i) the position of neutral axis for isotropic material subjected to bending moment. 

b. For the metallic beam subjected to load (P) at mid span as shown in Fig. 3, Determine: 

1) The'dastie load P C| radius of curvature (R)-and the maximum elastic deflection. 

2) The^ultimate load P u . 3) Percentage of ultimate moment resisted by two flanges (PL (i)} to 
the total ultimate moment. 4) The maximum-strain at-section )-l due to ultimate load. 
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c. If the modulus of elasticity of material of web, (PL. (2)} in tire cross section of the previous beam 

(Fig. 3b) - 1000 (/cm 2 and the maximum clastic stress is 2.0 t/cm 1 while Ore properties of flanges 
{PL (2)) are still the some as-mentioned above in Question 2b. In. this case, determine the 
maximum clastic load (Pc) for the beam. . ' ' 
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d. pig. A shows n steel bat' (length :t> 2.40 ra) made of steel with 

grade 40/60 and subjected to 6.0 t.m torsion moment at the free f. n 

end A. The allowable twist angle at the free end A “ 3.60°. The |— -- 

modulus of elasticity E 2040 t/cm 2 , poisson's ratio = 0.275, and ___ 

the ultimate shear stress of this meta) is 85% of its ultimate ! 24 

tensile strength. Find the minimum diameter of the bar. 4 
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(ljir$l P_op?r "Metallic Materials bijJr (50%) Stress f 

Question, ftjh II 

a. The stress strain curves of six types of metals are given in 

Fig. 1. Rank these meinJs in descending orders based on: f, 

1- Strength. 2- Stiffness. 3- Toughness. 4- Ductility. 

Explain your answer. Discuss, the ranin difference between //,'/ 
effects of compression and tension loads on axially loaded 
members. 
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e. Calculate the allowable applied load (P) and the thickness of plate (1) for the connection shown in 
Fig, 5 if the, bolls arc Ml6 made of Grade 10.9 and the ultimate shear strength of die bolts is 0.9 
limes its ultimate tensile strength. ' 
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b. A wooden ocam lias a cross section 15 \ 30 cm. 1 he beam has been strengthened 

b\' bonding to it a 15x3 cm steel strip at the bottom surface to form the ppj?: •>,] 
composite member L5 x :■} cm as shown in Fig. 5. 'fbe elastic modulus for the 
wood F« = 1^0 t ern' and lor .steel Es - 2d 00 t/em\ The allowable stresses lot 
wood (F„ )ju - 50 kg/cm 2 and lor steel (i;), i5 •= 1500 kg/enr. ‘ S 

• Determine the maximum allowable moment that can be resisted by: 15 c,n ' 1 

! • The original wooden section (15 x‘30 cm). 2- I he composite section (15 x 33cm). £>&Ji 
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Question AV>. 


Stressttvrr; 


a. 



t2\_ 


12 cm 

2-1 cm 


300 mmj 300 min 
Fig.-3 


- n , n shown in Fiu 3. The sifcss-siram rciaiwnsmp vi me . , • . a u ,u , 

Determine the claslte twamattJMc) _a»ul the ultimate moment (Mu) that can be resumed b> 
cross section. Find also the corresponding values for (P«) and (Pu). 
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L/rftVV me 111 v“U tui r v unu - 

0 Elastic shear strength - Plastic shear strength 

o Modulus of rigidity -Modulus of resilience- Modulus of toughness 

e Find the minimum internal diameter of a hollow cylindrical steel bar made from the same stc 
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b) Find die allowable load (P) of this connection shown'm Figure 2 
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n. Prove that (o'^i) (| ]e slope of failure’s plane in metals under compression In I o - 
where <f> is the angle of internal friction of the material. 1 ~ ^ ! ' 
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